The Comparative Effects of the Micro- and Macrosporogenesis  of the Red Clover with Different Levels of Ploidy,                                               in Relation with its Fertility by GREBENISAN, Marioara & SAVATTI, Mircea
 138 
Bulletin UASVM Agriculture, 68(1)/2011 
Print ISSN 1843-5246; Electronic ISSN 1843-5386 
 
The Comparative Effects of the Micro- and Macrosporogenesis 
 of the Red Clover with Different Levels of Ploidy,                                               
in Relation with its Fertility 
 
Marioara GREBENIŞAN, Mircea SAVATTI 
 
Faculty of Agriculture, University of Agricultural Sciences and Veterinary Medicine, 3 - 5Manastur 
St., 400372 Cluj-Napoca România; mari_urda@yahoo.co.uk 
 
Abstract. In this paper the di- and tetraploid red clover seedlings will be compared, under the 
aspects of micro and macrosporogenesys regarding his fertility. After a vast amount of research, the 
results obtained were that, often, the low seed yield in di- and tetraploid red clover is caused by 
fertility perturbance.One of the purpose of the experiments during the years 2004-2006, was to 
determine the low fertility effects and to offer important clues about di- and tetraploid red clover seed 
production. Red clover is a typical allogamous plant in which the autincompatibility system 
determined by the S alleles is very strong. The pollination is compulsorily done by honey and bumble 
bees, so the pollination mechanisms are being considerate as carrier of sexual differentiation, marked 
by microsporogenesys and macrosporogenesys, structural modification of flowers, pollen dispersion 
ecology and structural and physiological barriers as a reaction to fecundation process.   
 





The running stages of pollen grain in pollination process and fecundation, must give 
an answer at the question if its participation at these processes can be considered a positive 
influence over seed production of red clover genotypes.  
Pollen grain is the discreetly and mobile degree of male gametophyte in advanced 
plants. Pollination process is the transfer of pollen grain toward female genotype, as the 
germination and male genotype development until its fecundation. As pollination mechanisms 
are being considerate carriers of sexual differentiation, marked by microsporogenesys and 
macrosporogenesys, structural modification of flowers, pollen dispersion ecology and 
structural and physiological barriers as reaction to fecundation process. The mentioned 
aspects have an important implication in forming operation process and seed production 
(FRANKEL and GALUN, 1977). 
It is known that the fertility of induced autotetraploids is generally very low compared 
to the diploid form, and red clover tetraploids do not make exception of this rule. Despite the 
recurred selection, natural and artificial, during the different generations, fertility deficiencies 
remain at high level. A cause of this fact is flowering and typical reaction of red clover to 
pollination. Pollination is accompanied by pollen transfer from a plant to another with insects 
help, compared with pollination done by wind in another species (e.g. rye), which is able to a 
more rapid redistribution of paternal inheritance in pollinated population. Because of this 
improve fertility remains an important objective of investigation on tetraploid red clover 
(Savatti et al. 1986, 1992, 2002). 
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The different ways of working can be used to achieve this goal. One of them is the 
pollen fertility issues (Eskilson and Bingefors, 1972). This is achieved by staining pollen 
grain with carmine dye solution such as acetoorcein or Fuxin lactophenol and recording 
frequency of pollen grain evenly colored, considered the most fertile.  
Because of facility of obtaining such samples, this method revealed that the methods 
of pollen fertility interpretation are particularly true for diploid plants (Linskens et al. 1976). 
Confirmation of this situation is given by Lamm (after Eskilson, 1972), who find a 
plant which is totally sterile triploid rye, when it was used as pollinator, but presents viable 
pollen (83%), determined by the normal method of staining. 
Muntzing (after Eskilnson, 1972), studying the percentage of normal pollen grain, in 
staining rye samples, found that the number of pollen grain fertility was just as high in 
tetraploid as the diploid (90 - 100%). He concludes that this situation means that not all 
normally pollen grain have functional capacity. 
In the context of all above mentioned, we were concerned of deciphering the 
effectiveness of some pollen grain characteristics in red clover genotypes of different levels of 
ploidy and their correlation with fertility of analyzed genotypes. 
 
MATHERIAL AND METHOD 
  
The investigation were made in 2006 at the University of Nottingham, taking in study 
two varieties of diploid red clover, Select 1 and Roxana, and two tetraploid varieties, Napoca-
tetra and Apollo-tetra. 
The following issues were aimed: 
1. Pollen quality testing by staining with acetocarmine with glycerol (1% carmine in 
45% acetic acid, mixed with glycerol at a rate of 1:1). It was determined the percentage of 
stained (viable) pollen and the average diameter of pollen grain, expressed in colored fraction 
in these.  
2. Testing germination, elongation and the indicator of in vitro pollen viability.To 
determine the pollen germination a sucrose-agar medium was used in a concentration of 20-
30% sucrose and 9% agar. Heating medium was poured in Petri dishes in 2 mm layer. Before 
disseminating fresh pollen, on that media stylar compatible and incompatible extract was 
added. Examination of germination was performed after two hours, and its elongation at every 
two hours, for 24 hours. The viability indicator was calculated after Mackiewicz (1965), w = 
sxd/1000, where w = viability, s = germination capacity (%), d = pollen tubes average 
(microns). 
3. Growth of pollen tubes in compatible and incompatible pistils in vitro. Several 
methods were used for pollination, self-pollination spontaneous, geitonogamous pollination, 
SIB pollination and geitonogamous pollination with alopolen. The Kho and Baër (1968) 
method was used, based on the use of fluorochrome, fluorescent substances that produce the 
effect of secondary fluorescence phenomenon, to study in vitro pollen tube growth. 
Fluorochrome is taken up by pollen tubes chalazas, UV and blue selectively putting them out.  
4. Pollen tube growth in vitro in detached pistils. The detached pistils were obtained 
by separation of some flowers from flower heads, removal of flower petals and base to 
remove the ovary. In this way the stigma and style remained, and they are called ”detached 
pistil formation”. They were implanted in an environment consisting of boric acid 50 ppm, 
raffinose 0.14 M and agar 0.5%. In order to study the effects of pollen tube growth through 
the style, there were made cross-pollination and self-pollination all flowers on floral stems.  
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After pollination was detached and trimmed 10 flowers, pistils are being implanted in 
the culture medium. Six hours after the first pollinated, the flowers left on the stem were 
divided into three groups of 10 flowers, and were treated as follows: without pollination, 
cross-pollination and self –pollination. Then pollination detached pistils were introduced in 
nutritional environment. Six hours after, the detached pistils were observed under a 
microscope in a diluted solution of methylene blue. Pollen tubes that grew through the styles 
and they have crossed the cut end and methylene blue is absorbed, can be easily observed at 
microscope. The pistil’s number with pollen tubes coming out through the cut ends were 
counted, their value representing the effect of initial pollination and repollination.  
 
RESULTS AND DISCUSSIONS 
 
Pollen quality testing 
After staining with acetocarmine in glycerol we were able to highlight differences 
between di-and tetraploids genotypes of red clover, expressed in percentage of stained pollen 
(table 1). It is found that in tetraploid varieties, viable pollen grain percentage is less than in 
diploids, which may explain, in part, lower fertility forms of red clover that have been 
artificially multiplied their own genomes. In terms of diameter of pollen grain, marked 
differences were found between varieties with different valences of ploidy, in favor of 
tetraploid but which cannot have effects on pollen viability, being a response to artificial 
genome duplication. In diploid varieties, the pollen grain size seems to be genotypic 
conditioned. The coefficient of variability is small.  
 
Tab. 1 





Pollen diameter ±d LSD Signific. S% 
Select 2n 98.5 50.88 - -  control 4.37 
Roxana 2n 99.7 54.48 +4.40 0.1%=2.60 xxx 3.36 
Napoca tetra 4n 78.3 65.30 +14.42  0.1%=4.02 xxx 6.58 
Apollo tetra 4n 76.4 65.15 +14.27 0.1%=5.04 xxx 7.34 
Napoca tetra  65.30 - -  control  
Apollo tetra   65.15 -0.15 0.5%=1.06 -  
Diploid 99.1 52.68     
Tetraploid 77.8 65.23     
 
Concerning the percentage difference, in terms of percentage of viable pollen, the 
diploid genotypes demonstrate superiority compared to tetraploids, which outlines in this 
aspect the negative effect that brings the diploid genome duplication, in the process of 
pollination. 
 
Testing germination, elongation and the indicator of in vitro pollen viability 
From tests performed were found significant differences between genotypes of red 
clover with different valences of ploidy, both in normal germination medium and in those that 






 Tab. 2 
 
Germinating ability of pollen (s), average length of pollen tube (d),  
and viability index (w) 
 
Cultivar 
Germinating ability  
at 24h- % 
Length  
of pollen tubes  
Viability index 
Select - 2n 52.36 355.6 18.62 
Roxana - 2n 55.80 365.2 20.38 
Select. on incompatible style medium 2.63 188.4 0.48 
Napoca-tetra – 4n 32.10 416.4 13.37 
Apollo-tetra – 4n 31.60 460.3 14.55 
Napoca-tetra. on incompatible style medium 8.74 280.3 2.45 
 
 Pollen germination capacity after 24 hours shows diploid varieties differentiation 
compared to tetraploid. The data shows that the tetraploids realize just 41.5% from diploids 
value. Regarding the viability index, the tetraploid genotypes indicate a 28.4% lower value 
compared to diploid genotypes. These two aspects regarding pollen grain behavior can also 
explain the difference in fertility of genotypes with different levels of ploidy. 
 Comparing the germination capacity on culture media to which was added 
incompatible style extract, values decrease was found, especially in diploids. It seems obvious 
the inhibitory effect of incompatible stylar extracts, which attest the presence of a stylar auto 
incompatibility barrier directed by S alleles systems. 
 In tetraploid forms reduced germination capacity on incompatible media is not so 
obvious, and this allows us to conclude that doubling the genome by polyploidization will 
weak to some extent, the incompatibility barriers. Pollen tube elongation highlights a 
genotypic conditioning of this phenomenon at the diploid level. In this case, it was foun an 
inhibitory effect of the auto incompatibility stylar barrier. Pollen tube elongation is faster in 
the first 12 hours of germination, increasing very slightly in the next 12 hours.  
 
 Growth of pollen tubes in vitro 
 After applying different methods of pollination, elongation of pollen tubes in vitro 
varies depending on the compatibility or incompatibility of pistils that it crosses (Tab. 3). It is 
found that in compatible crosses (free pollination) length of pollen tubes during 6 - 8 hours 
reaches similar size to needed size for fertilization, taking into consideration that the average 
length of tetraploid plants style is 11.9 mm and 10.8 in diploids. Diploid pollen tubes (2x) 
have to pass a longer way, with a higher growth rate compared to haploid pollen tubes (x).  It 
was found that diploid (2x) pollen tube growth rate is r = 1.61 mm/h, and in haploid r = 1.45 
mm/h.  In case of self pollination, the haploid pollen tubes length did not exceed 4.25 – 7.50 
mm, reaching only to upper or middle third style. In diploid pollen tubes, a relatively small 
percentage has penetrated in style, reaching the ovary and accomplishing the fecundation. 
 
Tab. 3 
Lenght of pollen tubes in self pollination and cross pollination (mm) 
 













 Pollen tube growth in vitro in detached pistils 
 To follow this aspect, we started from the observation that in pollen the population 
effect causes a series of interactions during its germination. Some authors have hypothesized 
the existence of a systematic inhibition relationship or stimulation (Linskens, 1976).  Positive 
effect of population can be explained by diffusion of calcium from pollen grain in the early 
stages of germination. Based upon this hypothesis, we tried to see if the effect of population 
would contribute to a better fertilization of red clover (Tab. 4). 
 
Tab. 4 
Styles percentage pierced by pollen tubes after 1st and 2nd pollination,  
performed every 6 hours 
 
% styles pierced by pollen tubes 
Pollination type 
1st pollination 2nd pollination 
 Without Self pollination Crossed Ploidy level 
Crossed 97.0 a 67.0 c 67.0 c 88.0 b 2n 
Self pollination 3.0 c 3.0 c 14 b 75.0 a 2n 
Crossed 80.0 a 72.0 c 72.0 c 88.0 b 4n 
Self pollination 12.0 c 12.0 c 30.0 b 67 a 4n 
 
It appears that, after the first pollination, pollen tubes grew through most cut pistils in 
case of compatible crossings, and in a very small percentage in incompatible pistils, especially 
in diploids. After applying the second pollination, it is found that the pistils which from the 
beginning were pollinated with alopolen remained consistent at an additional cross-pollination 
and self incompatible pollen. The self pollinated pistils initially became incompatible with self 
pollen added, most obvious to tetraploid form and they maintained their compatibility for 
cross pollination. After the second pollination, previous passage of a number of self-
incompatible tubes passing through style, resulted in increasing the number of self 
incompatible pollen tubes which penetrating the styles. The changing of self incompatibility 
was generally insignificant in diploids, and almost twice compared to previous in tetraploids, 
what makes us believe that in tetraploid red clover pollination repetition has a positive effect 
on weakening the barrier of self incompatibility. In other words, repollination weakened self 
incompatibility mechanism, favoring the possibility of obtaining homozygous lines. This 
phenomenon was observed by Mackiewicz (1965), but it does not have a favorable effect on 




The data presented show corroboration of many factors contributing to lower fertility 
of red clover.  
The degree of ploidy is correlated with pollen viability; the percentage of abnormal 
and viable pollen is higher in tetraploids, this conditioning lower fertility of these genotypes. 
In vitro germination occurs within two hours. Pollen tube elongation occurs with a 
higher speed in the first 12 hours and within 12 hours growth rate is very low. 
The duration of pollen tube growth in vitro is the same in 2n and 4n, growth rate and 
length of the path traveled by the ovary is different. 
There is a population effect positively influencing the pollen germination. Following 
repeated compatible and incompatible pollination, there is a weakening of the red clover self 
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